Uterine sarcoma, a rare solid tumor in uterus, is difficult to identify in the early stage from some benign uterine tumors, such as uterine fibroids. Hence, uterine sarcoma may be treated in the same way as uterine fibroids; and this may not be found until pathological diagnosis. Consequently, this can lead to tumor's abdominal spread, planting and local invasive growth, resulting in an early uterine sarcoma, an increased relapse rate after surgery and a decreased survival. Therefore, it's important to avoid these unintended and iatrogenic complications through an accurate diagnosis and an appropriate surgical approach. The surgical staging and a complete resection of the tumor are both important for patients' prognosis. In this review, we will discuss the laparoscopic surgery for uterine sarcoma in the early stage and patients' prognosis.
Coagulation necrosis of tumor tissue. Pathology is a gold standard to diagnose uterine sarcoma. The histopathological characteristics of uterine sarcoma include tumor coagulation necrosis, atypical cells with moderate to severe nuclear division (usually 5-10/HPF), and rare inflammatory cells. The coagulation necrosis is a key characteristic in pathologically differential diagnosis between uterine sarcoma and uterine fibroid that usually appears in uterine sarcoma 11 . Meanwhile, ultrasound or MRI scans of uterine sarcoma have shown tumor degeneration and necrosis 12, 13 , which is consistent with the pathological characteristics. Uterine fibroids with an increasing necrosis should be suspected as uterine sarcoma as fast-growth of tumor may lead to local ischemia and necrosis. In scanning soft tissue, MRI is more suitable than CT to obtain morphological information. MRI T1-weighted images of uterine sarcoma show a large heterogeneous muscle invasive with low-density, whereas with a medium to high signal intensity on T2-weighted images. In contrast, T2-weighted images usually have low signal intensity in uterine fibroids [14] [15] [16] . In summary, uterine fibroids have a high incidence among perimenopausal and menopausal women. Fast-growth of tumor leads to coagulation necrosis, which can be a clue of early screen in uterine sarcoma. Based on characteristics of coagulation necrosis, diagnostic curettage is a sensitive method to screen ESS, which has been used to diagnose over 60% of ESS 17 .
Early surgical treatment of uterine sarcoma
Surgery is a major and an effective treatment of uterine sarcoma in the early stage 5, 7, 8 compared with radiotherapy and chemotherapy [18] [19] [20] [21] [22] [23] . It usually cuts off uterus and bilateral salpingo to ensure a complete resection of sarcoma. For patients in the early stage, it is controversial whether to keep the ovaries or to do a pelvic lymphadenectomy. However, for menopausal patients in the early stage, this may not be associated with patients' prognosis 24, 25 . The rate of ovarian metastasis in patients with early LMS is 3.4-3.9% [26] [27] [28] [29] and the preservation of ovarian tissues may not increase the risk of recurrence [30] [31] [32] [33] [34] [35] [36] . The rate of lymph node metastasis in LMS patients in the early stage is 0-3.7% [37] [38] [39] [40] . Therefore, it's not recommended to dissect lymph node in LMS patients in the early stage. ESS is an estrogen-related tumor and it's recommend to do an early excision of bilateral annex even for premenopausal patients. However, recent studies have shown that ovarian retention does not affect the prognosis of the premenopausal patients in the early stage [41] [42] [43] [44] . Patients who kept ovaries did not increase the incidence of recurrence 8, 24, 25 . A study with 50 patients with low-grade endometrial stromal sarcoma showed that postoperative abdominal relapse rate was not associated with preserved ovaries 8 . Therefore, premenopausal patients with ESS in the early stage could choose to retain ovarian tissue according to individual counseling. In the early ESS, the rate of lymph node metastasis is 0-5% 24, 25, 34, 38, 40 . Hence, it's not recommended for those patients to take lymphadenectomy. Laparoscopic hysterectomy and myomectomy are surgical approaches to treat uterine fibroids, in which the fibroid or uterine is taken by motorized broken handles. However, uterine fibroid without pathological diagnosis is possible to be uterine sarcoma. Once uterine sarcoma is broken as uterine fibroid, malignant tumors may spread, resulting in a bad or fatal outcome 5, 8, 11, [45] [46] [47] [48] . Although it's not reported any factors on misdiagnosis of surgery carved pieces, the field of version during the surgery may affect the judgment of tumor, and the necrotic cells in pathological examine may help to make a diagnosis 11 . These factors are determinate in selection of a surgical approach for patients and the extent of cutting off.
Uterus morcellation and metastasis of uterine sarcoma
It's uterus morcellation that the uterus is broken and removed from abdominal in laparoscopic surgery. Sub-process requires the use of high-speed rotation of broken electric sub and a broken filter through sub-peeling uterus (tumor). When treat uterine sarcoma in a laparoscopic approach used for uterine fibroids, malignant tissues may be broken and spread in abdominal and pelvic, result in metastasis 49 . Recurrent abdominal paracentesis or operate hole may increase the risk of tumor metastasis 11, 46 . LMS metastasis has a higher incidence than other uterine malignancies. The fact that uterine sarcoma is unpredictable in surgery possibly leads to uterus morcellation, which is a bad or even a fatal outcome 11, 45, 46 . A retrospective study with 123 patients with uterine sarcoma showed that they were misdiagnosed as benign tumors and underwent laparoscopic surgery 50 . Among them, 34 cases (28%) incurred uterus morcellation, which may increase the risk of postoperative metastasis within three months. Recently, other studies also showed that laparoscopic surgery may lead to malignant planting in operating hole, abdominal and pelvic sarcoma 11, 49, [51] [52] [53] . The residual tissue fragments after sarcoma sub broken operation may cause uterine sarcoma lesions to develop in the early stage. Einstein et al. 54 reported eight cases of uterine sarcoma in the early stage. The patients underwent a complete and an initial staging surgery, and were followed up by 6-61 months. Five cases were on stage I LMS and underwent sub surgery with tumor broken. Of these five cases, four underwent a complete surgical staging again. Two of the three patients who underwent surgery using sub broken were progressed to stage III (abdominal pelvic metastases). Three cases of the early ESS underwent abdominal surgery, and no one got progression before the secondary surgery. Forty percent of patients who underwent surgery with sub broken incurred the tumor, which may be due to tumor metastasis from broken and residual tumor tissue fragments after operation. Della et al. 55 reported a preoperative diagnosis uterine leiomyoma in a 30-year-old patient, who underwent laparoscopic hysterectomy. However, the pathological diagnosis was LGESS. Although no residual tumor was left, the tumor was recurrent, and even more, sarcoma widely disseminated in abdominal and invaded the ovaries and fallopian tubes. These findings suggested that uterus morcellation may lead to tumor abdominal dissemination and metastasis.
Uterine sarcoma sub broken surgery increases the risk of tumor recurrence and metastasis
Due to a high recurrence of uterine sarcoma despite the surgery in the early stage, the five-year survival is low even after chemotherapy. The recurrence rate of the early LMS is up to 71% 56 . Among these, 40% have lung metastasis 57 . It's approximately 25-35% of the early ESS develops recurrence, which most usually leads to metastasis in abdominal, followed by vaginal and lung 58 . However, Park et al. 8 reported that among 50 patients with LGESS, abdominal ranked fourth of tumor recurrence and metastasis. In any case, abdominal tended to be suffered in tumor recurrence and metastasis.
In the early stage, such as stage I and II, uterine sarcoma is limited in uterus or uterine without metastasis. However, the tumor may soon spread into abdominal or pelvic, the key body parts for tumor treatment. Broken surgery is generally considered to sub-induce recurrence of early uterine sarcoma, mainly caused by the spreading of sarcoma tissues into peritoneum and abdominal organs during the surgery. Even by going through the operating holes, sub broken surgery may cause abdominal and pelvic sarcoma metastasis, resulting in a rapid development of this tumor. The early uterine sarcoma may not limit in the uterus as it is broken into pieces during the surgery that are easily to plant in womb. In 1991, First Semm proposed the hysterectomy with manually broken and in 1993, Setiner applied the hysterectomy with broken electric devices in clinical. Setiner improved this technique to be more powerful and safer. During the surgery, the tumor was pulverized by a rotary blade when rotate at high speed peeling, in which a few tumor fragments may drop into abdominal, result in tumor spread and metastasis after operation. Moreover, when tumor tissues are squeezed and broken, tumor cells may locally infiltrate and then lead to recurrence in local or cervical stump. This recurrence may be associated with tumor squeezing during surgery 50 . These may partly account for a higher incidence of recurrence after sub broken surgery than that after open operation 5, 8, 55, 59 . Park et al. 5 found that patients with LMS after sub-groups broken surgery had a higher rate of tumor metastasis and recurrence in vaginal stump during early postoperative period, suggesting an association between the surgery approach and tumor recurrence. Moreover, tissue broken during surgery may increase the risk of misdiagnosis as it is difficult to target samples.
Impact on the quality of life after surgery treatment for early uterine sarcoma
If the early uterine sarcoma was misdiagnosed as benign tumor, the tumor issue may be broken during the surgery. This may lead to sarcoma planting, dissemination and metastasis, and finally reducing survival of patients even in the early stage 5, 8 . Park et al. 5 found that in addition to tumor stage, sub broken surgery may influence the overall survival (OS) of postoperative patients with LMS. Furthermore, patients who did not undertake broken surgery are more likely to reserve ovarian (38.7% vs72%, P = 0.013).
Aside from LMS, LGESS patients' prognosis is affected by the surgery. The 5-year disease-free survival (DFS) of patients without sub-broken surgery was significantly higher than these underwent the surgery 8 . Moreover, the time before recurrence was longer in patients without sub-broken surgery than those with the surgery. However, the OS of LGESS patients was not found to be associated with the sub-broken surgery, which may be due to the inactively biological characteristics of LGESS.
Preventive measures
Sub broken surgery is usually used to treat uterine fibroids. However, if being used to cut off uterine sarcoma, tumor may disseminate and plant in abdominal. Therefore, an accurate diagnosis of uterine sarcoma is significant to choose an appropriate approach and to avoid the unintended and iatrogenic tumor spread.
Uterine sarcoma surgery requires a complete removal of the tumor and uterus. The tumor size may influence the early postoperative survival of patients with uterine sarcoma 5, 60 . However, laparoscopic surgery has no specific requirements on the tumor size. For example, some studies showed that uterine fibroids with a size of 6 cm-10 cm should not be operated by laparoscopic surgery 61, 62 and the others reported that when the width of fundus or lower uterine segment by CT scan is larger than 8 cm, it should not be cut by minimally invasive surgery 63 . It has been reported that the average size of uterus in LMS and LGESS was 8.6 cm 5 and 5.9 cm 8 , respectively, indicating that the size of uterus in LGESS patients may be smaller. Hence it is difficult to select suitable patients to do laparoscopic surgery based on the size of tumor.
As prognostic points broken surgery used for early uterine sarcoma is divided mainly on broken device, it is essential to improve sub-broken device. Although the technique has been improved since the first report of the sub broken surgery in 1991, the rotating blades broken may still cause uterine sarcoma to spread and plant in abdominal. It may help by replacing the existed rotating blade with the smooth blade with bipolar role 14 . It is recommended to remove all possible tissue fragments by breaking it into a morcellation bag, reducing the chance of tissue residuals. However, this method does not completely remove the residual tumor tissue fragments. If all tumor Scientific RepoRts | 6:31229 | DOI: 10.1038/srep31229 fragments could be broken and cleaned out in sub-broken surgery under endoscope, the possibility of spreading tumor residues may be reduced 64 . However, this method couldn't guarantee to clean out all tumor fragments. It may be helpful to remove tumor fragments more cautiously before the new technique comes out. One way is to repeatedly wash the celiac in order to take out tumor fragments as much as possible. In fact, these measures are necessary to reduce tumor spread not only during the operation on uterine sarcoma but also on adenomyosis, uterine fibroids and tumor in uterine smooth muscle with low malignant potential. These measures can minimize planting tumor fragments in abdominal during the operation 8, 45, [65] [66] [67] [68] [69] [70] , which may finally lead to iatrogenic and parasitic uterine fibroids 6, 54, [71] [72] [73] [74] [75] . Supplemented treatment or even secondary cytoreductive surgery may improve prognosis for patients with tumor recurrence caused by sub-broken surgery 76 . Park et al. 8 reported that seven of nine patients with tumor recurrence were improved by supplemented treatment, including chemotherapy and endocrine therapy. For patients with uterine sarcoma in the early stage who underwent surgery with broken line points, both radiotherapy and chemotherapy are important to improve the survival 60 . These patients should be followed up after the treatments to observe the long-term efficacy. For patients with benign uterine disease underwent hysterectomy surgery or sub-broken surgery, it's difficult to have an accurate pathologic diagnosis. Einstein 54 found that patients who underwent subtotal hysterectomy or uterine surgery due to misdiagnosis of benign tumor, surgical exploration and re-staging are significant for their prognosis. Patients' prognosis may be positive if the surgical stage is consistent with the preoperative one. However, the surgical stage of 15% patients is advanced, especially for the LMS patients underwent broken surgery with line points. Thus, surgical stage may be important in prognosis of LMS patients and in selection of treatment strategy. Oduyebo et al. 77 found that among the 21 patients (15 with ULMS and six with smooth muscle tumors of uncertain malignant potential (STUMP) who underwent broken surgery and no metastasis, twelve who had a surgical exploration underwent a reoperation about one month later after the first surgery. Among seven patients, two were on the stage I of UTMS and four were on the stage I of STUMP. They all had an exploration during the operation and found immediately disseminated intra-abdominal lesions. Among these 21 patients, eight patients in the early UTMS and STUMP received a secondary exploratory surgery for peritoneal recurrence. This shows that doing surgical exploration again after broken surgery is beneficial for an accurate assessment of prognosis. These findings suggested that re-exploration in the broken surgery is important for patients' prognosis.
Conclusion
Broken surgery on uterine sarcoma may decrease patients' survival because of tumor spread, planting and metastasis in abdominal. Since uterine fibroid is usually treated by laparoscopic surgery, the differential diagnosis of uterine sarcoma from uterine fibroid has been concerned in order to avoid adverse outcome from the inappropriate surgical approach 6, 7 . Although the incidence of uterine sarcoma is low, an inappropriate surgical approach may significantly reduce patients' survival due to tumor residuals. Therefore, surgical approach should be carefully selected when uterine tumors were suspected to be sarcoma ones. Recently, Frumovitz suggested that 64 , patients should be strictly excluded malignant lesions of the uterus and cervix before laparoscopic hysterectomy surgery. Patients should be operated according to the principles of surgical treatment of malignant tumors if they doubt malignancy. When selecting pulverization technique, it's very important to select patients with indication.
